Zircon ages (U-Pb, LA-ICP-MS) obtained from skarns in the Kutná Hora and Svratka units and in the Moldanubian Zone (Bohemian Massif) show significant variations between the lithotectonic units as well as among samples from individual localities. The ages fall between 310 Ma and 3.1 Ga. We suggest that such large spread is a result of both different zircon clastic grain sources and subsequent metamorphic histories. The oldest Neoarchaean to Neoproterozoic ages are interpreted as detrital zircon grains from pre-Cadomian basement. Pronounced age maxima between 600 and 520 Ma (late Neoproterozoic to early Cambrian) were found in skarn samples from the Moldanubian Zone, Svratka and Kutná Hora units. We interpret these as maximum ages of skarn precursor deposition. Apparent Cambrian-OrdovicianSilurian to early Devonian zircon ages were obtained from non-mineralized samples of the Moldanubian Zone and also in the Kutná Hora Unit. This wide temporal interval could reflect maximum ages of skarn precursors related to disintegration of abundant early Palaeozoic magmatic rocks, provided the zircons were not modified by later metamorphism or fluid circulation. The early Carboniferous ages are interpreted to result from strong Variscan HT metamorphism and subsequent circulation of post-metamorphic fluids. Zircons of this age are dominant in skarns with massive magnetite mineralization, while the non-mineralized samples preserve the older ages.
1950; Němec 1991; Litochleb et al. 1997; Žáček 1997; Šrein and Šreinová 2000 and Žáček 2007) , (b) regional metamorphism of sedimentary Fe-rich horizons (Zoubek 1946; Vrána 1987; Kotková 1991; Potužák 1996; Drahota et al. 2005) , and (c) metamorphism of exhalative-sedimentary sources (e.g. Pertold et al. 1997; Pertoldová et al. 1998; Pertold et al. 2000 and Pertoldová et al. 2009 ).
Extensive occurrences of skarns in different settings across the Bohemian Massif provide an opportunity for petrogenetic research with broad implications. Currently, the Central European Variscides is one of the most important areas for the investigation of orogenic processes (e.g. Schulmann et al. 2005 Schulmann et al. , 2009 Dörr and Zulauf 2010; Hajná et al. 2011; Žák et al. 2014) . In particular, exceptional lithologies, such as skarns, are contributing to the reconstruction of the pre-Variscan and earlyVariscan evolution as high-grade metamorphic overprint obliterated the records of orogenic processes in many metasedimentary rocks.
Based on new U-Pb geochronological data on 12 skarn bodies in the eastern Bohemian Massif (Fig. 1) , results of
Introduction
Petrogenesis of calc-silicate rocks dominated by garnet and pyroxene (skarns) is one of the most topical issues in geology of metamorphic complexes (e.g. Gaspar et al. 2008; Li et al. 2010; Xie et al. 2011; Shen et al. 2013; Chen et al. 2014 ). Reviews of skarn deposits on a global scale have been published by Einaudi et al. (1981) , Burt (1982) , Jamtveit et al. (1993) , Nicolescu et al. (1998) , Meinert (1998) , Cepedal et al. (2000) , Meinert et al. (2003) , Baker et al. (2004) , Levresse et al. (2004) and Meinert et al. (2005) . The genesis of a majority of skarns worldwide was associated with contact metamorphism and metasomatic processes accompanied by igneousrelated hydrothermal input.
In the Bohemian Massif (Central European Variscides), skarns have been studied particularly with emphasis on the recognition of their pre-metamorphic history and the potential influence of metasomatic processes. Several petrogenetic interpretations of skarns have been invoked: (a) metasomatism (followed by metamorphism) (Koutek petrological and structural investigations, and published geochemical data, we interpreted the pre-metamorphic precursors, origin and evolution of the skarns. These geochronological data also broaden our knowledge on the stratigraphy in the high-grade metamorphic units of the Bohemian Massif.
Regional geological setting
The investigated skarns are located in eastern Moldanubian Zone, Kutná Hora and Svratka units (Chlupáč and Vrána 1994) . These represent a deeper part of Variscan continental crust displaying the records of older, Neoproterozoic to early Palaeozoic geodynamic events (e.g. Urban and Synek 1995; Vrána et al. 1995; Verner et al. 2009; Schulmann et al. 2009; Pertoldová et al. 2010) . Variscan processes (~380 to 310 Ma) were associated with collision of the Gondwana-derived microcontinents and the Old-Red Continent during Late Devonian to Carboniferous times and caused a high-grade tectonometamorphic overprint in the area of interest (e.g. Franke 2000; Schulmann et al. 2009 ). Early HP(MP)/HT metamorphism, WNW-ESE compression and crustal thickening (2007) . Inset: sketch of the Bohemian Massif modified after Franke et al. (2000) . Notes: black squares -sample localities, squares with crosses -skarn occurrences studied by Pertoldová et al. (2009). were followed by a retrograde LP/HT metamorphism and polyphase regional deformation associated with oblique underthrusting of the Brunia promontory in the eastern part of the Bohemian Massif (e.g. Schulmann et al. 2009; Verner et al. 2009; Tajčmanová et al. 2010; Pertoldová et al. 2010) . The Svratka Unit is built by polymetamorphic migmatites, orthogneisses, paragneisses and micaschists with small bodies of marbles, amphibolites and skarns (e.g. Buriánek et al. 2009 ). During the Variscan orogeny, these rocks were affected by regional metamorphism and deformation at T ≈ 580 to 670 ºC and P ≈ 0.5 to 0.8 GPa (Pitra and Guiraud 1996; Pertoldová et al. 2010) . Relics of a pre-Variscan high-pressure event (~1.2 GPa) were identified in the skarns ). The structural pattern of the Svratka Unit is predominantly defined by transpressional metamorphic foliation dipping under moderate angles to the ~ NNW to NE associated with the ~NNW plunging lineation (e.g. Verner et al. 2009 ).
The Moldanubian Zone comprises two major units with contrasting tectonometamorphic evolution, exhumed from different depths: the mid-crustal Drosendorf Unit and the lower-crustal Gföhl Unit (e.g. Urban and Synek 1995) . The Drosendorf Unit consists of metasedimentary sequences dominated by sillimanite-biotite (± cordierite) paragneisses, migmatized paragneisses, and migmatites (the so-called Monotonous Group) with abundant lensshaped bodies of quartzite, marble and amphibolite (altogether referred to as the Varied Group). The sedimentary precursor was Neoproterozoic to Late Ordovician in age ). The P-T conditions of regional metamorphism were estimated in the range T = 630 to 720 °C and P = 0.3 to 1 GPa (e.g. Vrána et al. 1995; Racek et al. 2006) . In contrast, the high-grade Gföhl Unit is composed of orthogneisses and migmatites with a substantial amount of lower crustal and mantle components such as high-pressure granulites, eclogites and peridotites. The P-T conditions of regional metamorphism in the Gföhl Unit were significantly higher, estimated at 850 to 1000 °C and 1.5 to 2.3 GPa (e.g. Carswell and O'Brien 1993; O'Brien and Rötzler 2003; Racek et al. 2006 Racek et al. , 2008 . Conditions of the subsequent retrograde metamorphism were calculated at ~600 to 800 °C and ~0.6 to 0.8 GPa (e.g Racek 2006; Tajčmanová et al. 2006) . The protolith age of high-grade orthogneisses from the Gföhl Unit was determined at 488 ± 6 Ma (Friedl et al. 2004 ). The structural pattern in the eastern Moldanubian Zone is complex and several regional fabrics were identified. In general, the steep NNE-SSW trending foliations were transposed to flat-lying orientation with well-developed NNE-SSW trending stretching lineation (e.g. Urban and Synek 1995; Schulmann et al. 2005 Schulmann et al. , 2009 Verner et al. 2009; Pertoldová et al. 2010 ).
The Kutná Hora Unit consists of three sub-units with different rock assemblages and metamorphic evolution (e.g. Synek and Oliveriová 1993; Kachlík 1999; Faryad 2009; Štědrá and Nahodilová 2009; Verner et al. 2009; Perraki and Faryad 2014) . Migmatites, granulites and upper-mantle ultramafic rocks containing relics of HP(UHP)/HT mineral assemblages crop out in the uppermost parts of the Kutná Hora Unit, referred to as the Malín and Plaňany sub-units (Vrána et al. 2005; Nahodilová et al. 2011) . The underlying part corresponds to the Kouřim Nappe Sub-unit composed of mediumpressure orthogneisses or migmatites and rocks of the Mica Schist Sub-unit. The Kutná Hora Unit recorded an inverse, thrusting-related metamorphic pattern followed by retrogression under amphibolite-facies conditions (e.g. Synek and Oliveriová 1993; Verner et al. 2009; ). Table 1 shows a list of the analyzed skarn samples with their basic characteristics and locations. The skarn bodies have an elongated shape with prevailing dimensions of c. 0.1 to 0.6 km × 0.5 to 1.5 km, oriented mostly parallel to the regional fabrics. They show well-developed compositional banding or have a massive nematoblastic or nemato-granoblastic texture. The fabric pattern of the studied skarns is described in Tab. 2. Based on petrological data, several types of skarn were distinguished in the Bohemian Massif (i.e. garnet-pyroxene skarns, garnet-amphibole skarns, pyroxene skarns with garnet, grunerite-pyroxene skarns with garnet, pyroxene-garnet skarns grading to garnetite ± quartz and magnetite skarns). Petrological studies of skarns in the Moldanubian Zone, Svratka and Kutná Hora units were performed by Žáček (1997, 2007) , Pertoldová et al. (1998 ), Pertold et al. (2000 , Žáček et al. (2003) , Drahota et al. (2005) , albite (Na), fluorapatite (P), chromite (Cr) and other materials for REE and some minor elements. The beam was focused to 3 µm; the peak counting times were 20 s. The raw data were reduced using PAP matrix corrections (Pouchou and Pichoir 1985) . The analyses were recalculated to chemical formulae or end-member proportions using the MinPet software v. 2.02 of Richard (1995) . The abbreviations of mineral names are after Kretz (1983) . The major-element analyses of the whole-rock samples were undertaken by wet chemistry in the laboratories of the Czech Geological Survey, Prague-Barrandov. The relative 2σ uncertainties were smaller than 1 % (SiO 2 ), 2 % (FeO), 5 % (Al 2 O 3 , K 2 O, Na 2 O), 7 % (TiO 2 , MnO, CaO), 6 % (MgO) and 10 % (Fe 2 O 3 , P 2 O 5 ) (Dempírová 2010).Trace elements including REE were analyzed by ICP-MS and AMA methods. For ICP-MS determinations, samples were decomposed by HF and HClO 4 , then were melted with lithium borate and sodium carbonate. After melting, they were taken out to solution with HNO 3 . Geochemical data were processed using the GCDkit software package (Janoušek et al. 2006a) .
Petrology and geological setting of skarns
Zircon grains were extracted from the rock samples by conventional crushing and by heavy liquid and magnetic separation techniques. The grains were mounted in 1 inch epoxy-filled blocks and polished to obtain even surfaces suitable for laser-ablation ICP-MS analyses. Prior to analysis, the carbon coating was removed and the sample surfaces cleaned in deionised water and ethanol.
Isotopic analysis of zircons by laser-ablation ICP-MS followed the technique described in Košler et al. (2002) and Košler and Sylvester (2003) . A Thermo-Finnigan Element 2 sector field ICP-MS coupled to a 213 NdYAG laser (New Wave UP-213) at Bergen University (Norway) was used to measure the Pb/U and Pb isotopic ratios in the zircons. The raw data were corrected for the dead time of the electron multiplier, processed off line in the Lamdate spreadsheet-based program (Košler et al. 2002) and plotted on concordia diagrams using Isoplot (Ludwig 2003) . Data reduction included correction for the gas blank, laser-induced elemental fractionation of Pb and U and instrument mass bias. No common Pb correction was applied to the data. Zircon reference materials 91500 (1065 Ma; Wiedenbeck et al. 1995) and Plešovice (338 Ma; Sláma et al. 2008) were periodically analysed during this study. The results conform to the previous major set of samples ).
Description of samples and results of U-Pb zircon dating

the Moldanubian Zone (Drosendorf unit)
The Vepřová and Budeč localities are situated in the northern and north-eastern parts of the Moldanubian Zone. Skarns form asymmetric bodies with longer axis of ~ 500 m hosted by migmatites and migmatized paragneisses. Most rocks exhibit massive or banded structures. The geological situation is depicted in the Czech Geological Survey 1 : 25,000 maps Hrdličková et al. 2008; Rejchrt et al. 2009 ).
Several lenticular skarns at the Vlastějovice locality occur together with a large body of two-mica orthogneiss in the NE-SW-trending synformal structure (Koutek 1950) . The skarn and orthogneiss, together with minor bodies of amphibolite, marble, quartzite and rare eclogite, are hosted by migmatized paragneiss. The skarn bodies are highly heterogeneous, consisting of massive or banded garnetites ± magnetite, garnet-pyroxene skarn, pyroxene skarn or garnet-pyroxene-epidote skarn. Three rock samples were collected from the largest skarn body (longer axis of up to several hundreds of metres) in an active quarry at the Holý vrch hill.
The main minerals are magnetite (up to 20-30 vol. %), garnet and clinopyroxene ( Fig. 2a) . Garnets are forming heterogeneous grains (Grs 81-57 Alm 28-20 Sps 5-1 Adr 35-11 ). Fractures in older Grs-rich garnets are filled by younger andradite (Fig. 3a) . The clinopyroxene compositions correspond to the diopside-hedenbergite series. Amphibole and epidote are Žáček and Povondra (1991), Potužák (1996) , Žáček (1997, 2007) , Žáček et al. (2003) Rešice (Gföhl Unit) Flat-lying metamorphic foliation with abundant relics of isoclinal folds.
Compositional banding in a flat-lying orientation with common relics of older structures. Pertold et al. (2000) ,
Kutná Hora Unit Malešov
Intensively folded SW (SSW) to NE (NNE) migmatite banding into NNW gently dipping foliation. Skarn forms an antiformal structure with steeply NNE-SSW oriented axial plane. Mostly parallel compositional banding was locally affected by shear deformation.
Pertoldová et al. (2009),
Štědrá et al. (2011) secondary minerals. Sample KM8/FV1 yielded very few zircon grains. They are rounded and very light brown in colour with a slightly pink hue. Cathodoluminescence images show irregular zoning (Fig. 5a ). Twenty five U-Pb analyses of these zircon grains yielded equivalent and concordant results with a 345 ± 2 Ma age (Fig. 6a) .
Budeč, clinopyroxenegarnet skarn KM8/Fv3
Garnets form irregular bands (Fig. 2b ) at the contacts with amphibole and pyroxene grains. Garnets show slight zoning (Grs 51-49 Alm 40-36 Sps 7-3 Adr 7-3 ).
Clinopyroxenes are of the diopsidehedenbergite series. Zircon, titanite and apatite are accessories. Zircon grains are mostly light brown and their morphology ranges from rounded with crystal faces to elongated hypidiomorphic grains (Fig. 4a) . Cathodoluminescence images show weak oscillatory zoning (Fig. 5b) . The U-Pb dating of zircon ( Fig. 6b-c ) yielded a wide range of ages (0.5-3.0 Ga). The corresponding age spectrum has a main peak at c. 520 Ma, a minor peak at c. 1.6-1.8 Ga and individual data at c. 750 Ma, 1.0 Ga, 1.3 Ga and 3.0 Ga.
vepřová, garnet-clinopyroxene skarn KM3/Fv
Garnet and clinopyroxene are major minerals (Fig. 2c) . Plagioclase, quartz, epidote and amphibole are less abundant. Garnets are compositionally inhomogeneous and exhibit slight zoning (Grs 88-77 Alm 0 Sps 4-2 Adr 21-9 ). Clinopyroxene compositions correspond to the diopside-hedenbergite series. Zircon occurs as a common accessory mineral of light beige colour with rare crystal faces ( Fig. 4b ) and concentric oscillatory zoning (Fig. 5c ). The concordia ages of 32 grains range between c. 500 Ma and c. 1660 Ma with a maximum at 550 Ma ( Fig. 6d-e The content of jadeite component in Cpx is 0.5-12 mol.% (Pertold et al. 1997 ). Ep, Hbl In the KHU are three types of garnets. First two were described by Pertoldová et al. (2009) . Third group forms garnets that are unzoned or the zoning is not very strong.
Kutná Hora Unit Malešov
In some cases, garnets are affected by secondary replacement by younger epidote.
(acces. = accessory, Gru = grunerite, KHU = Kutná Hora Unit)
vlastějovice, clinopyroxene skarn KMvlA/Fv1
The sample is massive with nematoblastic structure (Fig. 2d) . Clinopyroxene generally belongs to the hedenbergite-diopside group. Replacement of clinopyroxene by secondary amphibole is common. Titanite, garnet and apatite are accessory minerals. Garnet has slight chemical zoning in the Alm, Grs and Adr components (Grs 38-32 Alm 48-39 Sps 8-7 Adr 21-7 ). The morphology of the zircon grains ranges from rounded to partly rounded grains with preserved crystal faces. Zircons are light orange in colour and CL images show oscillatory zoning (Fig. 5d) . The resulting data for 39 grains are presented in Fig. 7a-b . The age spectrum contains one main peak at c. 600 Ma, one minor peak at c. 1.8 Ga and individual data at c. 500 Ma, 750 Ma and 2.2 Ga.
vlastějovice, garnet-clinopyroxene skarn KMvlA/Fv2
The main minerals, garnet and clinopyroxene, are accompanied by less abundant plagioclase and amphibole, as well as accessory minerals zircon, titanite and apatite (Fig. 2e) . Garnet is present in two generations with contrasting optical and compositional characteristics. Green and Ringwood (1968) , Fe 2+ /Fe 3+ was estimated according to Droop (1987) (a) (b) (c) (Fig. 7c-d) .
vlastějovice, garnet-magnetite skarn
KMvlA/Fv3
Garnet and magnetite are the most abundant minerals in skarns with massive structure (Fig. 2f) . The garnet exhibits extremely complicated internal patchy structure. The darker parts (in BSE) correspond to the prevailing grossular component, while the lighter spots contain higher proportions of andradite (Fig. 3b) . Magnetite is disseminated or forms cubic inclusions in the garnet, corresponding to 20-30 vol. % in the sample. The zircon grains are light beige and mostly rounded or slightly elongated (Figs 4c-d) . Cathodoluminescence images show welldeveloped, mostly oscillatory zoning (Fig. 5f ). U-Pb dating of the zircon (59 grains) yielded a wide range of ages of c. 0.31-2.4 Ga (Fig. 7 e-f) . The corresponding age spectrum has a main peak at c. 520 Ma, minor peaks at c. 370 Ma and c. 1.7-2.0 Ga and individual data at c. 320 Ma, 750 Ma, 2.0 Ga and 2.4 Ga.
the Moldanubian Zone (Gföhl unit)
Skarn occurrences at the Rešice locality are associated with calc-silicate rocks and amphibolites and are mostly layered or partly banded conformably with the surrounding felsic gneiss or advanced migmatite. Relics of older structures are common in skarns. The following rock types were studied: garnet-clinopyroxene, clinopyroxene and magnetite skarns.
rešice, garnet-clinopyroxene skarn KMres2
The skarn exhibits a banded structure (Fig. 2g) . The garnet belongs mainly to the grossular-andradite series (Grs 57-55 Prp 1 Alm 9-7 Sps 2-1 Adr 34-21 ). Garnets are surrounded by plagioclase-clinopyroxene coronas (Fig. 3c) Deer et al. (1997) clinopyroxene composition corresponds to hedenbergite. Both epidote and plagioclase are secondary. Pertold et al. (1997) described disintegration of titanite (Al-bearing) to titanite-plagioclase symplectite at this locality. Zircon forms euhedral prisms with weak zoning (Fig. 5g) . The ages for 40 grains vary from 340 to 360 Ma with individual data of c. 390-415 Ma (Fig. 8a ).
rešice, garnet-clinopyroxene skarn KMres3
The main mineral is garnet, accompanied by less abundant clinopyroxene -hedenbergite (Fig. 2h) . Garnets form inhomogeneous grains (Grs 62-54 Prp 1 Alm 13-10 Sps 1 Adr 30-25 ). Pyroxene, plagioclase, quartz and opaque minerals form inclusions in garnets. The morphology of zircon ranges from rounded grains with crystal faces to hypidiomorphic grains. Cathodoluminescence images reveal metamict domains (Fig. 5h) . The U-Pb ages for the individual zircon ages range from 350 to 450 Ma (Fig. 8b) .
rešice, clinopyroxene skarn KMres5
Pyroxene skarn (Fig. 2i) was taken from the ore body. Clinopyroxene (diopside) generally exhibits no zoning; replacement by secondary amphibole is common. Titanite, zircon and apatite are common accessories. Light pink to brown zircons are rounded and also elongated (Fig. 4e) . Cathodoluminescence images show metamict domains (Fig. 5i) . The U-Pb ages of zircons from this mineralized skarn yielded a concordia age of 331 ± 2 Ma (Fig. 8c ).
rešice, magnetite skarn KMres6
This sample (Fig. 2j ) was taken from a massive magnetite layer. Magnetite is the main mineral, corresponding to 40- (Fig. 4f) . The first type is light orange or pink in colour. Its morphology ranges from rounded grains with crystal faces through partly rounded hypidiomorphic to idiomorphic prismatic grains with oscillatory zoning. The second type of zircon is medium brown to dark brown. Cathodoluminescence images show patchy zoning (Fig. 5j) . Sixty-seven U-Pb analyses of zircons from this sample yielded equivalent and concordant results with a concordia age of 324 ± 3 Ma (Fig. 8d ).
the Kutná Hora unit
The Malešov skarn body is located in the structurally highest part of the Kutná Hora Unit, the Malín Sub-unit, composed of polymetamorphic migmatites and two-mica kyanite migmatites. The skarn body (~200 × 1000 m) forms an asymmetric antiformal structure. The internal planar structures of the skarn are defined by alternating bands rich in garnet or pyroxene and are oriented discordantly in relation to the metamorphic planar fabric of the enclosing rocks ). The geological situation is shown in the Czech Geological Survey map at the scale 1 : 25,000 (Štědrá et al. 2011 ).
Malešov, garnet-magnetite skarn KMMAl/Fv1
This is a fine-grained rock with massive structure (Fig. 2k) . The main minerals are garnet and magnetite (40-50 vol. %). Garnets are weakly zoned (Grs 56-17 Prp 5-1 Alm 22-9 Sps 5-1 Adr 78-33 ). Less abundant clinopyroxene (hedenbergite) is partly replaced by amphibole. The sample contains light grey, clear anhedral zircons with rare crystal faces (Fig. 4g) . Cathodoluminescence images show mostly patchy zoning (Fig. 5k) and 58 U-Pb analyses of these zircon domains yielded a concordia age of 338 ± 2 Ma (Fig. 8e ).
Malešov, garnet-clinopyroxene skarn KMMAl/Fv2
The skarn exhibits banded structure (Fig. 2l) . The major minerals, garnet and clinopyroxene, are accompanied by less abundant plagioclase. Garnet or clinopyroxene bands often exhibit irregular folding, swelling to elongated lenses and schlieren (Fig. 3d) . Garnets are weakly zoned and partly replaced by younger epidote. Their inclusions comprise pyroxene, magnetite or titanite. Clinopyroxenes are unzoned and their composition corresponds to hedenbergite. Subhedral zircons exhibit various forms ( Fig. 4h ) with oscillatory zoning (Fig. 5l) . The U-Pb (2001) dating yielded various ages in the range of 330-620 Ma (Fig. 8f) .
Discussion of zircon ages
The new U-Pb ages of zircon in skarns, combined with the previous dating at the Svratouch locality in the Svratka Unit ), tend to concentrate into four groups: (1) Neoarchaean to Neoproterozoic (Group A; sparse ages between 3000 and 800 Ma), (2) strong peaks at the Neoproterozoic-Cambrian boundary (Group B; maxima at 600, 560, 550, and 520 Ma), (3) late Cambrian to early Devonian (Group C; sparse ages between 505 and 406 Ma), and (4) strong maxima of early Carboniferous ages (Group D; 338, 331, 324 Ma) . The different U-Pb zircon age groups of the studied samples are listed in Tab. 7 and plotted in Fig. 9 . 
The Group A zircons could be interpreted as detrital grains from the pre-Cadomian basement rocks because of the great spread of their ages. They are present in samples, in which the Group B zircons are dominant.
The Group B zircons in the Svratka Unit are interpreted as detrital grains (sedimentary or volcanogenic) suggesting late Neoproterozoic (Ediacaran) to early Cambrian depositional age of the Svratka skarn precursor, because their host gneisses were intruded by metagranites of Cambrian age (515 ± 9 Ma; Schulmann et al. 2005) . The Group B zircons are preserved also in some Moldanubian skarn samples without magnetite mineralization (Budeč, Vepřová, Vlastějovice) as well as in the Malešov non-mineralized skarn (Kutná Hora Unit).
The Group C zircons occur in the non-mineralized samples of the Moldanubian Zone (Budeč, Vlastějovice and Rešice) and also in the Kutná Hora Unit (Malešov). Their wide age range (late Cambrian to early Devonian) points to detrital precursor of younger than early Devonian age. From this perspective, which excludes metamorphic modifications, the zircons most likely had the source in disintegrated rocks of early Palaeozoic age. For example, the early Palaeozoic bimodal magmatism is widespread throughout the Variscan orogenic belt in Europe. It was related with a regional extension (continental rifting) and mantle plume upwelling during the northern Gondwana break-up (e.g. Crowley et al. 2000; Linnemann et al. 2008) . These magmatic rocks were a possible source for younger sedimentary sequences of the Teplá-Barrandian Zone (Drost et al. 2011 ) and in part also for protoliths of Moldanubian metasedimentary rocks ). In addition, orthogneisses and deformed granitoids intruding the Moldanubian sequence with Ordovician protoliths were identified by Vrána and Kröner (1995) , Povondra and Vrána (1996), Teipel et al. (2004) and Friedl et al. (2004) . On the other hand, the accumulating general knowledge of possible zircon recrystallization at the presence of HT melt or fluids (e.g. Harley et al. 2007; Villa 2010) , with several related examples from the Bohemian Massif (e.g. Roberts and Finger 1997; Tropper et al. 2005; Janoušek et al. 2006b; Bröcker et al. 2010; Nahodilová et al. 2014) , point to zircon crystallization along decompression path of HT/HP rocks and to variable Pb loss during high-grade metamorphism and attendant partial recrystallization/resetting of zircons. Therefore the Group C zircons could in fact represent Group B or Group A zircons modified to various degrees by metamorphic and/or hydrothermal processes.
In such an interpretation the skarn precursors of the Moldanubian Zone, Svratka and Kutná Hora units would have originated at probably Neoproterozoic-Cambrian boundary. The skarns and their zircons underwent larger or smaller metamorphic/hydrothermal modifications, together with their host rocks, especially strong in the early Carboniferous times. Before a more detailed study on the zircons in the skarns will be done, we have to admit that there are two interpretations of their protolith age: either Devonian or Neoproterozoic to early Cambrian.
The Group D zircons of early Carboniferous ages dominate the Moldanubian skarn samples with magnetite mineralization (Budeč and Rešice) and the Malešov magnetite skarn (Kutná Hora Unit). They are also present in the Rešice (Gföhl Unit) sample without magnetite mineralization. Their age coincides with the Variscan HT metamorphism associated with anatexis or, possibly, also with the later migration of post-metamorphic fluids (Jawecki 1996; Drahota et al. 2005) . Thus these zircons are likely of metamorphic or/and post-metamorphic origin, similarly as in the case of Moldanubian metasedimentary rocks Fig. 9 Summary histograms of U-Pb zircon age groups in studied samples.
Conclusions
New LA-ICP-MS zircon U-Pb data on skarns from the Moldanubian Zone, Kutná Hora and Svratka units are hete rogeneous and apparently range in age from Neoarchean to late Palaeozoic (3.1 Ga to 310 Ma). This geochronological pattern is a result of various detrital sources subsequently affected by metamorphic overprint. The oldest Neoarchean to Neoproterozoic ages are interpreted as detrital grains from pre-Cadomian basement. Strong peaks of zircon ages with maxima at 600, 560, 550, and 520 Ma were found in skarn samples without magnetite mineralization from the Moldanubian Zone, the Svratka and Kutná Hora units. Ages of this zircon population are interpreted as detrital in origin. Late Cambrian to early Devonian zircon ages occur in non-mineralized samples of the Moldanubian Zone and also in the Kutná Hora Unit. Two interpretations of the origin of zircon are possible: (1) zircons have the source in disintegrated rocks of early Paleozoic age or (2) originally detrital older zircons were overprinted/variably reset by metamorphic and hydrothermal processes. The strong maxima of early Carboniferous ages from the skarn samples with magnetite mineralization from all localities as well as from the Rešice (Gföhl Unit) sample lacking it are interpreted as being of metamorphic origin or associated with the later migration of post-metamorphic fluids. 
